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In the absence of clinical breakpoints, epidemiological cutoff values (ECVs) have been established to
distinguish wild-type (WT) isolates of Aspergillus spp. from those that may harbor resistance mutations.
Recently, the CLSI has developed ECVs for triazoles (itraconazole, posaconazole, and voriconazole) and
common Aspergillus species. We applied the triazole ECVs to 1,789 Aspergillus isolates collected from 63 centers
worldwide from 2001 to 2009 to determine the frequency of non-WT strains of each species. Temporal trends
were evaluated for Aspergillus fumigatus and Aspergillus flavus over the 9-year period for each drug. The
collection included 1,312 isolates of A. fumigatus, 235 of A. flavus, 162 of Aspergillus niger, 64 of Aspergillus
terreus, and 15 of Aspergillus versicolor. Using the ECVs, the percentages of non-WT isolates for itraconazole,
posaconazole, and voriconazole, respectively, were as follows: A. fumigatus (2.0%, 3.5%, and 1.4%), A. flavus
(0.8%, 5.1%, and 1.7%), A. niger (17.3%, 3.7%, and 0.6%), A. terreus (0.0%, 1.6%, and 3.2%), and A. versicolor
(6.3%, 0.0%, and 0.0%). Among 49 Aspergillus isolates for which itraconazole MICs were >2 �g/ml, the
posaconazole and voriconazole MICs were greater than the ECVs for 14 and 12 isolates, respectively. The
percentages of isolates for which MICs were greater than the ECVs ranged from 1.1 to 5.7% for posaconazole,
0.0 to 1.6% for voriconazole, and 0.7 to 4.0% for itraconazole. There was no consistent trend toward decreased
susceptibility for any triazole and A. fumigatus or A. flavus over time. Decreased susceptibility among Aspergillus
spp. was observed for each of the extended-spectrum triazoles and varied by species over the 9-year study
period.

The extended-spectrum triazoles, itraconazole, posacon-
azole, and voriconazole, are important antifungal agents in the
prevention and treatment of invasive aspergillosis (IA) (32).
Although resistance to these agents is considered to be rare,
increased resistance has been noted in several geographic re-
gions since 1999 (1, 3, 10–12, 19, 25, 28–31). Recent evidence
from Denmark and the Netherlands suggests the possibility
that azole resistance in Aspergillus fumigatus may be a side
effect of environmental fungicide use (19, 31). The mecha-
nisms of resistance to the triazoles are best studied in A. fu-
migatus and involve mutations in the CYP51A gene encoding
the target enzyme as well as efflux and the overexpression of
CYP51A (1–5, 10–12, 15–20, 23–25). Specific mutations in
CYP51A may result in resistance to one, two, or all three
triazoles (11, 18, 23, 30). These observations indicate that tri-
azole resistance among Aspergillus spp. may be more common
than currently acknowledged and that clinical microbiology
laboratories should determine the in vitro susceptibility of clin-
ically relevant isolates of Aspergillus spp. (1, 3, 8, 12, 14, 23, 30).
In the absence of clinical breakpoints (CBPs), epidemiological
cutoff values (ECVs) have been established as a means of
distinguishing wild-type (WT) isolates of Aspergillus spp. from
those that may exhibit acquired azole resistance mechanisms
(8, 22, 23, 30). Recently, the Clinical and Laboratory Standards
Institute (CLSI) has developed ECVs for all three triazoles

and the six most common species of Aspergillus (8) (Table 1).
In this study, we have applied these ECVs to a global collection
of 1,789 clinical respiratory tract isolates of Aspergillus spp.
collected from more than 60 medical centers from 2001
through 2009 to determine the frequency of non-WT strains of
each species over time.

MATERIALS AND METHODS

Organisms. A total of 1,789 clinical isolates of Aspergillus spp. obtained from
more than 60 medical centers worldwide from 2001 through 2009 were tested
against itraconazole, posaconazole, and voriconazole. The collection included
1,312 isolates of A. fumigatus, 235 of Aspergillus flavus, 162 of Aspergillus niger, 64
of Aspergillus terreus, and 16 of Aspergillus versicolor. The isolates were obtained
from a variety of sources, including sputum, bronchoscopy, and tissue biopsy
specimens and represented individual infectious episodes. The isolates were
collected at individual study sites and were sent to the University of Iowa (Iowa
City) for identification and susceptibility testing as described previously (22). All
isolates were identified by standard microscopic morphology and were stored as
spore suspensions in sterile distilled water at room temperature until used in the
study. Before testing, each isolate was subcultured at least twice on potato
dextrose agar (Remel, Lenexa, KS) to ensure viability and purity. As a screen for
cryptic species within the A. fumigatus complex (e.g., Aspergillus lentulus), all A.
fumigatus isolates were tested for growth at 50°C. All isolates screened grew at
50°C, confirming that they were likely to be A. fumigatus. A subset of 499 isolates
of A. fumigatus were investigated further using molecular methods, and all were
confirmed to be A. fumigatus (9).

Antifungal susceptibility testing. Itraconazole, posaconazole, and voricon-
azole were all obtained as reagent-grade powders from their respective manu-
facturers. The CLSI broth microdilution (BMD) method was performed accord-
ing to the M38-A2 standard (6) by using RPMI 1640 medium, an inoculum of
0.4 � 104 to 5 � 104 CFU/ml, and incubation at 35°C. The MIC was determined
visually after 48 h of incubation as the lowest concentration of drug that pro-
duced complete inhibition of growth.

Quality control. Quality control was ensured by testing the following strains
recommended in CLSI document M38-A2 (6): Candida parapsilosis ATCC
22019, Candida krusei ATCC 6258, and A. flavus ATCC 204304.
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Definitions. The definitions of WT and ECVs were outlined previously (8, 13,
22, 23, 27). A WT organism is defined as a strain which does not harbor any
acquired resistance to the particular antimicrobial agent being examined (8, 22,
27). The typical MIC distribution for WT organisms covers three to five 2-fold
dilution steps surrounding the modal MIC (8, 22, 23).

The ECV for each triazole and species of Aspergillus was obtained as described
previously (8, 22) by considering the WT MIC distribution, the modal MIC for
each distribution, and the inherent variability of the test. In general, the ECV
should encompass at least 95% of isolates in the WT distribution (26, 27) (Table
1). Organisms with acquired resistance mechanisms may be identified as those
with a MIC higher than the highest MIC of the WT (greater than the ECV) (23).
The ECV can be used as the most sensitive measure of the emergence of strains
with reduced susceptibility to a given agent (13, 22, 23, 30).

RESULTS AND DISCUSSION

The ECVs for each triazole and the six species of Aspergillus
are shown in Table 1. The ECVs were determined in an earlier
multicenter study of more than 4,000 isolates of Aspergillus spp.
tested against all three triazoles using the CLSI BMD method
(8). Previous studies have demonstrated the ability of these
triazole ECVs to discriminate WT strains (MIC values less
than or equal to the ECV) from those with acquired resistance
mechanisms (11, 23, 30).

Although ECVs may be considered to be an early step in the
development of CBPs (13, 30), the most important role for
these cutoffs is to detect the emergence of reduced suscepti-
bility to the agent of interest in the context of a resistance
surveillance program. This is especially important in the case
of the triazoles and Aspergillus spp. due to the lack of CBPs, the
important role of these agents in the treatment of IA, and the
fact that clinically important resistance to these agents appears
to be increasing in some geographic regions (3, 11, 12, 19, 30).

In Table 2, we have applied the ECVs derived by Espinel-
Ingroff et al. (8) to our collection of Aspergillus isolates span-
ning a 9-year period from 2001 to 2009. Application of the

ECVs shows that the frequency of non-WT isolates of each
species ranged from 1.4% (voriconazole) to 3.5% (posacon-
azole) for A. fumigatus, from 0.8% (itraconazole) to 5.1%
(posaconazole) for A. flavus, from 0.6% (voriconazole) to
17.3% (itraconazole) for A. niger, from 0.0% (itraconazole) to
3.2% (voriconazole) for A. terreus, and from 0.0% (posacon-
azole and voriconazole) to 6.3% (itraconazole) for A. versi-
color. Little comparable data are available from other surveys
with the exception of A. fumigatus in the United Kingdom and
the Netherlands (3, 11, 30). Howard et al. (11) found that 5%
of 400 isolates of A. fumigatus tested at a reference laboratory
in Manchester, United Kingdom, were resistant to itracon-
azole, and Verweij et al. (30) found azole resistance in 5% to
10% of isolates from the Netherlands over the time period of
1998 to 2007.

One aspect of the data shown in Table 2 that differs from
previous surveys (3, 11, 12, 30) is the finding of more isolates of
A. fumigatus that appear less susceptible (MIC � ECV) to
posaconazole than to itraconazole. This cannot be accounted
for by any of the known mechanisms of resistance described to
date for A. fumigatus (1–5, 7, 12, 18, 23, 30) and could possibly
be caused by laboratory-based issues, such as the poor solubil-
ity characteristics of posaconazole, which could lead to a
greater variability in the MIC distribution. We have examined
this issue extensively and have retested the non-WT strains of
A. fumigatus from 2008 and 2009 both within our own labora-
tory (at least three times each, including with a new batch of
posaconazole) and in an outside laboratory and have con-
firmed the high MIC values. Furthermore, we have not de-
tected any shift or drift in the posaconazole or itraconazole
quality control values that suggest excessive methodological
variation. It should be noted that Verweij et al. (30) reported
a substantial number of A. fumigatus isolates for which the

TABLE 1. Epidemiological cutoff values (ECVs) for itraconazole, posaconazole, and voriconazole and five species of Aspergillusa

Species Antifungal agent No. tested
MIC (�g/ml) % of isolates at or

below the ECVRange Mode ECV

A. fumigatus Itraconazole 2,591 �0.03–�4 0.5 1 98.8
Posaconazole 1,684 �0.015–�4 0.06 0.5 97.8
Voriconazole 2,815 0.03–�4 0.25 1 98.2

A. flavus Itraconazole 538 0.03–�4 0.5 1 99.6
Posaconazole 444 �0.03–�4 0.06 0.5 99.1
Voriconazole 592 0.06–�4 0.5 1 98.3

A. terreus Itraconazole 369 0.03–1 0.25 1 100.0
Posaconazole 330 �0.03–2 0.25 0.5 99.7
Voriconazole 462 0.03–�4 0.5 1 99.1

A. niger Itraconazole 468 0.03–�4 1 2 100.0
Posaconazole 366 �0.03–2 0.5 1 98.2
Voriconazole 520 �0.03–�4 1 2 99.2

A. versicolor Itraconazole 59 0.03–�4 1 2 100.0
Posaconazole 32 0.03–�4 0.5 4 98.4
Voriconazole 71 0.03–�4 0.25 2 97.5

A. nidulans Itraconazole 143 0.03–�4 0.5 1 95.0
Posaconazole 131 0.03–2 0.25 1 98.4
Voriconazole 141 0.03–�4 0.12 2 98.6

a Data compiled from Espinel-Ingroff et al. (8).
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posaconazole MICs fell just beyond (1 dilution) the EUCAST
ECV, which they categorized as “intermediate” in susceptibil-
ity to this agent. This designation may be appropriate for
similar strains in our survey. These findings may suggest that
the ECV for posaconazole and A. fumigatus is too low. Alter-
natively, they could represent an as-yet-uncharacterized ac-
quired resistance mechanism. Studies to address these issues
are under way.

Temporal trends in decreased susceptibility were evaluated
for A. fumigatus and A. flavus over the 9-year period for each
triazole (Table 3). The proportion of isolates of A. fumigatus
that were non-WT ranged from 0.7% to 4.0% for itraconazole,

from 1.1% to 5.7% for posaconazole, and from 0.0% to 1.6%
for voriconazole. Likewise the proportion of A. flavus isolates
that were non-WT ranged from 0.0% to 3.0% for itraconazole,
from 1.3% to 9.4% for posaconazole, and from 0.0% to 2.6%
for voriconazole. In contrast to the data from the United King-
dom and the Netherlands, we found no consistent trend toward
decreased susceptibility for any triazole and A. fumigatus over
time (8, 25).

It should be noted that among the non-WT isolates of A.
fumigatus, the geographic origins were quite diverse, with iso-
lates originating from centers in Australia, China, Europe,
South America, and the United States. In 2008, we did observe

TABLE 2. Frequency of non-WT strains of Aspergillus species determined by CLSI BMD testing of itraconazole,
posaconazole, and voriconazole

Species Antifungal agent ECV (�g/ml) No. tested
MIC (�g/ml) % of MICs

�ECVRange Modea

A. fumigatus Itraconazole 1 1,221 0.015–�8 0.25 2.0
Posaconazole 0.5 1,312 0.007–2 0.03 3.5
Voriconazole 1 1,312 0.06–4 0.25 1.4

A. flavus Itraconazole 1 225 0.06–�8 0.12 0.8
Posaconazole 0.5 235 0.015–�8 0.06 5.1
Voriconazole 1 235 0.12–�8 0.5 1.7

A. niger Itraconazole 2 155 0.003–�8 1 17.3
Posaconazole 1 162 0.007–2 0.12 3.7
Voriconazole 2 161 0.12–4 1 0.6

A. terreus Itraconazole 1 54 0.03–1 NM 0.0
Posaconazole 0.5 64 0.015–2 0.06 1.6
Voriconazole 1 64 0.25–�8 0.5 3.2

A. versicolor Itraconazole 2 16 0.06–�8 0.25 6.3
Posaconazole 4 16 0.03–1 NM 0.0
Voriconazole 2 16 0.03–2 0.25 0.0

a NM, no mode.

TABLE 3. Trends in susceptibility of A. fumigatus and A. flavus respiratory tract isolates to itraconazole, posaconazole, and
voriconazole as determined by CLSI BMD methods

Antifungal agent Species (ECV ��g/ml�) Years No. tested
MIC (�g/ml) % of MICs

�ECVRange Mode

Itraconazole A. fumigatus (1) 2001–2003 173 0.12–2 0.5 4.0
A. fumigatus (1) 2004–2006 441 0.03–�8 0.25 0.7
A. fumigatus (1) 2007–2009 607 0.015–�8 0.25 2.3
A. flavus (1) 2001–2003 32 0.25–1 0.5 0.0
A. flavus (1) 2004–2006 68 0.06–�8 0.12 3.0
A. flavus (1) 2007–2009 125 0.06–1 0.12 0.0

Posaconazole A. fumigatus (0.5) 2001–2003 173 0.015–2 0.25 5.7
A. fumigatus (0.5) 2004–2006 532 0.007–1 0.03 1.1
A. fumigatus (0.5) 2007–2009 607 0.015–2 0.03 4.9
A. flavus (0.5) 2001–2003 32 0.12–2 0.25 9.4
A. flavus (0.5) 2004–2006 78 0.015–�8 0.06 1.3
A. flavus (0.5) 2007–2009 125 0.03–1 0.06 6.4

Voriconazole A. fumigatus (1) 2001–2003 173 0.06–1 0.25 0.0
A. fumigatus (1) 2004–2006 532 0.12–4 0.25 1.6
A. fumigatus (1) 2007–2009 607 0.12–4 0.5 1.6
A. flavus (1) 2001–2003 32 0.12–1 0.5 0.0
A. flavus (1) 2004–2006 78 0.25–�8 0.5 2.6
A. flavus (1) 2007–2009 125 0.25–2 1 1.6
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several non-WT strains originating from different centers in
Hangzhou, China, but further characterization revealed these
strains to be nonclonal in nature (data not shown).

There were 49 isolates in the collection for which itracon-
azole MICs were �4 �g/ml, 44 of which were species for which
ECVs have been determined for itraconazole, posaconazole,
and voriconazole (Table 4). Among the 44 isolates for which
ECVs have been determined, the posaconazole and voricon-
azole MICs were greater than the ECVs for 11 (25%) and 9
(20%) isolates, respectively. The slightly greater cross-resis-
tance between itraconazole and posaconazole is similar to that
reported elsewhere (5, 8, 16, 19, 21, 23, 25). Notably, cross-
resistance was not detected among the 27 itraconazole-resis-
tant isolates of A. niger. Although ECVs have not been deter-
mined for the azoles and Aspergillus glaucus, three of the four
itraconazole-resistant strains showed decreased susceptibility
to both posaconazole and voriconazole (MICs, �4 �g/ml).

In summary, we have demonstrated the utility of ECVs in
detecting the emergence of decreased susceptibility to the tria-
zoles in surveys of antifungal resistance in Aspergillus spp.
Decreased susceptibility among Aspergillus spp. was observed
for each of the extended-spectrum triazoles and varied accord-
ing to species over the 9-year study period. Cross-resistance to
posaconazole and voriconazole was detected among itracon-
azole-resistant strains of A. flavus, A. fumigatus, A. glaucus, and
A. nidulans. Application of in vitro susceptibility testing and the
use of ECVs are important in determining resistance trends
among the triazoles and Aspergillus spp.
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